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t 5? ] ABSTRACT 
A light-source device includes a light source and a 
hght-pervious flat board, the light source being opti- 
cally connected to one side of the fiat board for intro- 
duction of light into the flat board so that the incoming 
light is caused to be reflected from other side of the flat 
board therewithin for being directed outward from the 
flat board, the light reflecting side of the flat board 
being indented to provide a surface having a serrated 
sectional configuration. 

20 Claims, 19 Drawing Sheets 
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FIG. 8 
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FIG.10 




05/28/2002, EAST Version: 1.03.0002 



U.S. Patent May 23, 1995 Sheet 11 of 19 



5,418,384 




05/28/2002, EAST Version: 1.03.0002 



U.S. Patent May 23, 1995 sheet 12 of 19 5,418,384 



FIG. 12 



y 




FIG.13 

t 

no 




05/28/2002, EAST Version: 1.03.0002 



U.S. Patent 



May 23, 1995 



Sheet 13 of 19 



FIG.15 




05/28/2002, 



EAST Version: 



1.03.0002 



U.S. Patent 



May 23, 1995 



Sheet 14 of 19 



5,418,384 




05/28/2002, EAST Version: 1.03.0002 



U.S. Patent May 23, 1995 



Sheet 15 of 19 5,418,384 



FIG.17 




FIG. 18 



21 



24 22 



mnmnnnniiH 



FIG.19 




0 — *x 



2 



05/28/2002, EAST Version: 1.03.0002 



. Patent May 23, 1995 Sheet 16 of 19 5,418, 



FIG.20 




05/28/2002, EAST Version: 1.03.0002 



U.S. Patent 



May 23, 1995 



Sheet 17 of 19 



5,418,384 



FIG.23 




05/28/2002, EAST Version: 1.03.0002 



U.S. Patent May 23, 1995 sheet is of 19 5,418 384 



FIG. 24 




05/28/2002, EAST Version: 1.03.0002 



U.S. Patent May 23, 1995 Sheet 19 of 19 5,418,384 



FIG.26 





05/28/2002, EAST Version: 1.03.0002 



i 



5,418,384 

1 2 

LIGHT-SOURCE DEVICE INCLUDING A LINEAR shoxIS'in *££f aent ° I y ^ ° f embodiment 

ARRAY OF LEDS FIG. 10 is an Enlarged view of portion A in FIG 9 

BACKGROUND OF THE INVENTION 5 JS^^tST*^^^^ 

h. Field of the Invention FIG. 12 is an enlarged view of portion B in FIG 11- 

The present invention relates to a light-source device FIG * 13 fa 311 enlar ged view of portion C in FIG 11* 

for iUuminating linear fields which is mainly intended 510 14 « an explanatory view showing the lumi- 

for use in ffluminating documents to be read by facsim- T*** distribut ion in the direction of Z axis at a position 

lie, image scanner, bar code reader or the like means, as 10 ™?l above U S ht out Put plane in Embodiment 2* 

well as for use in destaticizing the photo-receptor drum . if 18 enlarged perspective view showuie 

of a copying machine, a printer or the like. parts m FIG ' r > 

2. Description of the Prior Art HG * 16 is a Perspective view of a light-source device 

Hitherto, light-source devices of this kind have been ^m^^ Embodiment 3 of the invention; 

known such that light^mitting diodes are arranged in a lfi perspective view showing parts in FIG. 

row on a circuit board (see, for example, Japanese Pub- U~ m • fc 

hshed Unexamined Patent Application No m Lvlu SPf?* 8 ^ plaD ^ of th e arrange- 

47692/1977). H"^"on wo. ment shown in FIG. 17; 5 

With such known light-source device, however the ™ FI ° 19 j ? a ^gmentary enlarged view of the ar- 
problem is that light bins 2 ° ^~^n in FIG. 17; 

source are not sufficiently utilized in an effective man- p I1h .i? P ei ?P ect,ve view of the light source 
ner in iuuininating linear fields ^e light-source device of Embodiment 3; 

r*Kx 21 is a fragmentary sectional view of the ar- 
SUMMARY OF THE INVENTION rangement in FIG. 20; 

hght is caused to be reflected from the other side of the source is mounted- ' ght 

flat board and outward from the flat board, the light FIG. 25 is a fragmentary view exolanatorv of ,„ 
reflectmg s.de of the flat board being indented to pro- optical path in Emblem 4 and ^^ 0ry ° f 
^ S ^. CC SVing / Sectional configuration. FIG. 26 is an explanatory view showing optical di- 

The light source for the light source device may 35 actional characteristics of the light-source devicTwitii 
comprise a substrate having a recess formed in the sur- W for Embodiment 3 and (b) for Embodiment 4 
face thereof, light-emitting diodes arranged on the bot- . „ 

torn of the recess, and a conductive reflective film tofpp? »^££™ N 0F ^ 
formed on the surface of the recess, the light-emitting PREFERRED EMBODIMENTS 

diodes being electrically connected to an external 40 F^bodiments of the invention will now be described 
power source via the conductive reflective film. m detaa with reference to the drawings. It is not in- 

The conductive reflective film may be divided into tended ^ Ae invention is limited by the embodiments 
two segments, the anodes and cathodes of the diodes EMHonivi bntt , 

bong connected to the external power source via one-of EMBODIMENT 1 

the segments and the other segment, respectively. 4S ma - 1 ^ a perspective view showing schematically 

The surface serrated for the light source device in . Ught source of Embodiment 1 of the presem inven- 

sectional configuration may be made larger in area in p on J FIG. 2 is a section taken in the direction of Y y 

proportion as the surface is more distant from the light m . F } G - *J <»>d FIG. 3 is a detail view of a part of the 
source. wring pattern formed on the substrate (a plan view 

BRIEF DESCRIPTION OF THE DRAWINGS ^S^S^SXS^S^ 

FIG. 1 is a perspective view of Embodiment 1 of the "j*" 1 ' 5 sche n>atically shows the construction of 

present invention; the embodrment at a side opposite to the direction of 

FIG. 2 is a section taken in the direction of Y— Y' in « e ^i^. on (or ^ back side of substrate). 

FIG. 1; m 55 As FIGS. 1 through 3 illustrate, on the surface of a 

FTG. 3 is a view for explaining the wiring pattern in ft» nMmddaW e «sin substrate 1 formed with a ditch- 
Embodiment 1; 8 ^ ^ rec «s and having a length of 270 mm (in X-X' 

FIG. 4 is a circuit diagram showing electrical connec- S^'J ?T ? ^ <™ Y - Y ' directi ° n > *° d * 
aons in Embodiment 1; m ""ckness of 5 mm (in Z— Z* direction) there is laid a 

FTG. 5 is a perspective view of Embodiment 1 ar- S^S* ?" 3 , f0nned by vapor 

rangement as seen from the back side thereof- ST^S?* elect , ro 2f s « old P lati »g or the like tech- 

FIG. 6 is a perspective view showing a modified form S, ^ ,r?L ^° u P"*""* removed bv P hot °- 
of Embodiment 1; «mieaiorm etching or the like tecluuque, with electric insulation 

FIG. 7 is a perspective view showing Embodiment 2 65 5£n '° *" CleCtric wirins 

of the invention; u 

FIG. 8 is a section taken in the direction of Y-Y' in from! EST""? / * fabricated b * molding 
FIG. 7; ""-ecuon oi r r in from a heat-resistant resin, such as liquid crystal poly 

mer. On the bottom of the groove of the substrate 1 axe 
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packaged 36 GaP light-emitting diode chips 2 (with a the surface of the sealing resin 5 is configured to be a 
hght erni^on wavelength of 565 nm) in a row Cm cylindrical lens having a convex lens Lction with 
nlte?™^^ ^h^v ^^JV 2 ™ to Y ~ Y ' ^on, light rays which bTve 

SS^SST^ S£5* " by ^ paSSed surface Portion are collected more 

paste to the substrate 1 on a cathode connecting land 5 closely along the optical axis of the lens with resnect to 
formedat the bottomofthe substrate integrally with the the Y—Y' din^tZ % aItI. ? 
wiring pattern, which fixing is effected^dtaneously ^y or £S T-T to^l^i^J^ 
as the cathode is die-bonded and electrically connected w 7 direction from the hght-emit- 

to the wiring pattern 3 on theTubstraTe 5* f ^ntward from the metal 

The anc^e of each ught-ernitting^ode chip 2 is elec- 10 2l£^li^ 
trically connected to all anode connecting land I faS c Sf n ' ff? mcident on * e 

on the substrate, by being wire-bonded by gold wke 6 ^^fT^i™ * u 5^ passing throu « h c y lio - 
to the land. ThT concave "portion of thTdKrmToJ ^^^S^' "J?- ^ m ^ 
the substrate presents a parabolic surface as viewed in SLS? 3 P red f tenmned ^ ^ which is an 
the Y — Y' direction, and a larger part of the surface is 15 SU ^£, f f u . 

formed with a metal film 3 constituting a part of the d h Z' a modlfied form of embodiment will be 
wiring pattern which acts as a reflector having a func- c •« - 

tion to reflect frontward light beams emitted sideward 6 lUustrates ' separate metal films (concave 

from hght-emitting diode chips (with a reflectance of num>rs ) 3 oa which a chip-connecting gold wires 6 are 
about 0.8). 20 mounted Provided for individual light-einitting 

All the light-emitting diode chips 2 mounted at the dio ? e chips 2 ' and ^ «P«*ive metal films 3 are of 
bottom of the ditch of the substrate, gold wires 6 con- J™ modlfied arrangement that they function to reflect 
necting the light-emitting diode chips 2 with the sub- rontwardly light rays emitted laterally or in the X— X' 
stratel, concave-surfaced reflector metal film 3, load d"**""! with respect to the chips, 
resistance elements 7 of the light-emitting diode chips 2 25 . ^ way ' ? ight emitted frontwardly of each 
are integrally sealed by a light-pervious epoxy resin light-emitting diode chip are collected by a cylindrical 
mass 5, and the surface portion of the resin forms a ^vex lens formed on the surface of a light-pervious 
cylindrical lens having a concave portion 4 with respect resm which se ^ ls the chip, and light rays emitted side- 
to the direction of Y— Y'. wardly of the chip are reflected frontwardly by a con- 
In order to minimize the decrease of iUuminance (i.e., 30 vex mirror formed on the substrate integrally therewith, 
illuminance ripple in the X— X' direction) in a subject Therefore, light rays incident on the cylindrical lens 
field in front of any position at which a hght-emitting within an effective range will increase, it being thus 
diode chip 2 is absent (or a gap between adjacent light- possible to achieve improved utilization of light 
emitting diode chips), the light-pervious resin 5 used for Further, it is possible to obtain higher intensity of 
sealing purposes contains Si02 (silica) powder that 35 illumination with the same power consumption as in the 
serves as a light scattering agent past, and where the ffluniinance is held at the same level 
The metallic wiring pattern on the substrate 1, as ^ in the past, the number of light-emitting diode chips 
shown in FTG. 4, is patterned in such a way that light- required to be loaded can be curtailed which results in 
emitting diode chips in units of six are connected in cost reduction, and drive current for the light-emitting 
series so that six sets of serial circuits thereof are con- 40 diodes can be economically controlled, which results in 
nected in parallel. Each of the six sets of serial units has prolonged life of chips, increased reliability, and re- 
one load resistance element 7 connected thereto in se- duced running cost 

ries, and the resistance element 7 is surface-mounted by Moreover, the light source is very compact in con- 
soldering on a load resistance connecting land provided struction because of the use of a reflector-packaged 
in a space adjacent to the Ught-emitting diode chip 2. 45 wiring board, and this provides for equipment compac- 

The wiring pattern on the substrate, as shown in FIG. turization. 
5, is guided across the surface of the substrate until it 

reaches a side (underside) opposite to the side on which EMBODIMENT 2 

the substrate is recessed, and terminals $ are provided FIG. 7 is a perspective view of a light-source device 
on the underside of the substrate for electrical connec- 50 representing Embodiment 2 of the present invention, 
tion with an external power source. and FIG. 8 is a section of the device taken in the direc- 

Operation of the arrangement of Embodiment 1 will tion of Y— Y'. 
n °« explained. FIG. 9 is a plan view of the light-source device of 

when an external power source is connected to an Embodiment 2 (with respect to one half of its symmetri- 
electric connection terminal 8 on the underside of the 55 cal construction), and FIG. 10 is an enlarged view of 
substrate 1, electric current flows via the wiring pattern portion A in FIG. 9. 

on the substrate to all light-emitting diode chips 2 pack- FIG. 11 is a plan view showing an optical path lead- 
aged on the substrate, and the light-emitting diode chips ing from the Embodiment 2 light-source device to light 
2 emit light beams (with an emission wavelength of 565 exit surface (with respect to one half of the symmetrical 
"7: , 60 construction of the device); FIG. 12 is an enlarged view 

Light rays emitted from each light-emitting diode of portion B in FIG. 11; and FIG. 13 is an enlarged view 
chip 2 pass through the light-pervious resin 5 which of portion C in FIG. 11. 

seals the chips and gold wires 6, and some of the rays In this embodiment, as FIG. 7 shows, light sources a 
reach the surface 4 of the resin. Some of the light rays are provided at opposite sides of an acrylic resin-made 
which have been emitted frontward of the light-emit- 65 substrate 11. 

ting diode chip 2 and have reached the seal resin surface The light sources a in FIG. 7 are each similar in con- 
4 are refracted at the convex resin surface, being then struction to the Embodiment 1 light source, as may be 
directed outward. In this case, because of the fact that seen from FIG. 15. 
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While, in Embodiment 1, 36 lieht-emittine diorfp „«• •• . . ^ 

chipsareaxxangedonasubs^tehaSnTeSoS Jlfh T f J° m Ae M S ht * «». 

mm, each light source in Embodiment 2, SSown fa ?S ^ n' ""^ ° f the «S>«-pervious substrate 
FIG. 15. comprises a 50 mm long substrate al 5 S£ Vl r^ Z?™ * thc Upper ' lower Md sur- 

resin element a3 having a planar surface and no lens- « mr " ys . 1 mcldent on the light-pervious substrate 11, 

form convex portion. The light source a is mounted so Uiust f ates - wUI upon the serrated 

that the light-emitting side thereof is in close contact * ° P ? Cal . ^"P 1 ^ elei »ent 12 on the surface of 

with one side of the substrate 11. Shown by 17 is a t ****** immediately after their entry into the 

resistance element corresponding to the resistance 7 in 10 fzT** ? re P etition of Process of total re- 

FIG. 4. Numeral 8 designates a feed connector and 9 v ™ e upper ' lower ^ side surfaces of the 

designates a leader. substrate. 

The surface of the light-pervious substrate 11 is of When the critical of substrate surfaces and 
smooth surface construction, and throughout the sur- ^fT uni «»*«* of the optical coupling element 12 
face the percentage of incident light that may contribute 15 i consider « i . the angle of incidence of 
to light scattering is limited to less than 1%. ,gm upon the °P tical coupling element 12 is within the 
Some part of a side of the light-pervious substrate 11 ™ s * ? f +477 10 —19.3 degrees relative to Z axis 
(hereinafter to be referred to as "optical coupling ele- **& « of the serrated edge face of the optical" 
w , luch » designated by 12. is serrated as shown coupling dement relative to Z axis is set at 34 to 42 
itt^? i" n ^. In the present embodiment, as illustrated in 20 degre ^ « illustrated in FIG. 12, light rays reflected 
. , 10 the rochnation of serrated edge face of the J 0m face according to the reflectance (0 87) will 
optical coupling element is standardized at a predeter- . ^° mc mcid ent "Pon a light output surface 16 Dra- 
mmed angle within the angle ranges of a =34^2 de- vlded * P**"el to Z axis within an incidence angle 
grees and £=0-90 degrees relative to Z axis. of -41.7 to +41.3 degrees 
asIhowTL^r^T ° f ^ couplfag element, 25 . ®»? *f critical *>gle at *e light output surface 16 
as *own in FIG. 9, has a length of 10 mm to 20 mm in I s ±42 ; 3 ^ees. * larger part of the light reflected 
the direction of Z axis and is divided into small regions from ^ted edge face of the optical counlin* 
as deagnated by fl to © so that the surface inclination element 12 » directed outward from the Hght-perviZ 
of the optical coupling element at these regions, relative s " bst ™e " without being subject to total reflection at 
to ii axis, is first decreased at a gradient of more than 30 ^ h S nt 0Ut P ut surface 16. 

ZZT^J 0111 ^ Ut 11 n ° t m ° re i" 3 " + 7 ^20 mm and then r The envelope configuration of the serrated edge face 

becomes gradually steep, when viewed from the light- of *e optical coupling element 12 is such a f Fir 

ThZ™r w 9)- , , Uve 10 h » te ^ mcidenl from the light source a side so 

These configurational features of the light-pervious 35 Permit a change in the area ofsemted^dM T r l " f 
substrate are mtegrally made into the shape by Section «he optical coupling element Zf^SS^SSS 

The entire surface area of the serrated optical-cou- ^t^ifp^^^SS 
phng element 12, and the upper and lower sides of the emitted from the light sW a and Sent on S 
hght-pemous substrate 11 (portions shown by R in 40 optical coupling element 12 b ec ™« „ 1 . ^ 

Operation of the arrangement of the present embodi- In the vicinity of lisht source a for fw w ^ - * 

fight ray, ^^cJ^Zt^fT^^. *" ^ ° f ^ ° UtpUt fa ^ - 

the hght-perv,^ substrate 11^X^0 f " ^ * fr ° m ° f ,he 

"The quantity of light emitted from the light source a to UfafS t*™? ™ h a 

m the present embodiment within an angle r^gTof 65 Son J! 5™r h 8 h f t :P ervi o us ^bstrate 11 fa 
±47 degrees relative to the emission opt^ axTof the focusin S of h 8 h t ^ projected from 

light source is more than about 70% of £^ ° q ^! £ ffiffir* "T " the S " bjeCt field 14 
t.tyof,ightemissionf ro mthesource,andalarger q S SL!?SKaS £l"l/aiiEi ^ 
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strate and, after frequent repetition TtST^^of 5 *> that its hght-emitting side in 

reflection at mteriorlurfac^^ 5 ^"t*J?TZ 25 f ^ ^ 

are output through the optical coupling elmenfwhich .h^^^^ ^n subs *** 25 

Y has desired light deflect&g characterltte Therefor? ? IS , 2 I° ^ m ^ l <*&"*** 

A in the case where a plurality of Ught^^g eZmtnU S?/* toc * tt) ^ ^ ^ize of the end 21 to which the 

are employed as the light source? Hght^s eS 10 1£ 5 T? B " ounted *™mminY direction and 4 

from individual hght-emitting element are SfSy ^Zf^T 

mixed within the substrate, which results in consider. u 7, P F 806 of the u S ht -P ervious substrate 25 is 
able betterment in the effect of luminance variations Z I Sm °° construction ' 00 ^ surfaces of 
between individual hght-enutting elements upon spatial ♦ t substra ^ ™ e percentage of incident light that con- 
luminance distribution in the subject field being fllurni- 15 *! to hght scatterin g is limited to less than 1%. 
^nated. A portion 22 of one side of the light-pervious sub- 
By virtue of such functional merits, the line illumina- Strat t ? * ereinafter referred to as optical coupling ele- 
tion unit of Embodiment 2 eliminates the necessity of ™ • 18 Serrated 35 ^^rated in FIG. 19. In this em- 
separate adjustment with respect to individual light- bodjme m\ the inclination of the serrated edge face of 
- 1 *~ ^e optical coupling element 22 is standardized at a 




is no longer necessary to effect diffusion of light at the 
collector lens level as a countermeasure against possible mm ' 
decrease in illuminance (ripple) at gap positions be- 25 ^ surfece formed with such serration, as FIG. 18 
tween individual light-emitting elements, more efficient shows » comprises an optical coupling element 22 and 
utilization of light being thus possible. flat 24* The optical coupling element 22 is of such ar- 

Another advantage of the embodiment is that a light- rangement that, when viewed in the longitudinal direc- 
emitting element unit equipped with a package includ- ^ on (X dir ection), the area per unit length of its reflec- 
mg a concave mirror for reflecting output light in a 30 rive surface becomes larger as the surface is positionally 
specified direction is employed as a light-source, which more distant from the one end to which a light source is 
fact enables highly efficient light coupling to the light- mounted. It is to be noted, however, that in order to 
pervious substrate and thus provides for improvement Provide mumination of uniform intensity at the subject 
in toe utilization of light mumination field, the areas of individual reflective sur- 

Furthermore, the spatial intensity distribution of out- 35 faces *re set so that the sum of quantities of light inci- 
put light at output surfaces of the substrate can be suit- dent u Pon one reflective surface will be constant with 
ably designed within a certain range by properly de- respect to all reflective surfaces, 
signing the configuration of the hght-pervious substrate ^ light-pervious substrate 25, being of such con- 
and the specification of the light coupling element on struction as above described, is integrally fabricated bv 
the substrate. Therefore, it is possible to provide com- 40 injection molding from a resin material, such as acrylic 
paratryely easily line Rumination units having given resin. The serrated surface of the optical coupling ele- 
optical output distribution characteristics, as well as line ment 22 has a reflective film laid thereon by aluminum 
Rumination units having uniform output characteris- sputtering which provides a mirror surface havine a 
tics. It is thus possible to develop finer-spun specifics- reflectance of the order of 0 87 
tions better suited for a variety of uses. 45 Operation of the embodiment will be described with 

EMBODIMENT 3 reference to the relevant drawings. 

™~ 1* ' • A laf ger part of light emitted from each of the licht 

*? 15 » Perspective view of a light-source device sources 26 mounted to the light-pervious substrate 25* 
representmgEmbodment3oftheinvention;FIG.17is introduced into the mt^J^M^S^ 
a perspective view showing parts in FIG. 1$ FIG. 18 is 50 shown in FIG. 22 substrate 25, as 

a plan view showing parts in FIG. 17; FIG. 19 is an In the present embodiment, the acrylic resin material 
enlarged view showing parts in FIG. 17; FIG. 20 is a from which the light-pervious 

perspective view of a light source employed in the a refractive indexof about 1.49, and when nSSnS 
h£t*ource device of Embodiment 3; FIG. 21 is a sec- incident from the interior of the sn^T^nTe 
*?^"Z ^ m ^ 20; ^ 22 is an 55 boundary between the substrate and S%^£ 

explanatory view showing an optical path in the Em- the critical angle at which total reflection wUl ™ I 
bodiment 3 bgbt^ource device; and FIG. 23 is a lumi- 42.3 degrees. Therefore, U^J?SS^^eS? 
S b2££ T C ^ re$PeCt t0 ** Embodi - ° f ^^-pervioussu^e 

sources 26 are provided at opposite ends of an acrylic substrate 25 which mpSS w X aris 

substrate 25 of rectangular shape, as shown The quantity of lighTp^eSeS ^thin the angle 

in FIG. 16 comprises a resm-made case 32 having elec- 65 embodiment corresponds to mor TtLan abouffio^ nf 

ment) packaged in the case, and a meta? film « formed wttkTe ££ JS ^S'S iStt 
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tion from the surface of the light-pervious substrate 5 at As FIG 25 ilh«r™»~ 10 

upper, lower and side surfaces thereof iJ£Xv u mustrates ' of rays emitted 

Light rays incident on the light-pervtous substrate 25 fr^ 7V T"? ~ which has 8 0ne «»y ^gely 

strike directly, or after repeated pr^Tf toSec £ ?f '^J* ^ is aused t0 * refl «^ 

tion at upper, lower and side surfacTof SbSS 5 being oriented along the 

against the serrated surface of the optical couplmg £. £oS! T'' ^ T™* 3 Ught which 

ment 22 formed on the surface of the substrate! as aWv Z^t « °2 ^ T"* SUrface 15 not 50 much 

illustrated in FIG. 22. uusume as away f rom th e opacaJ ^ m itg {rave] M g 

Since the critical angle on the light output surface 23 SESL« * e Substrate "* aB « n «» 311(3 

from the light output surface 23 ° D ^.^ W ' ,hm 1,16 m,erior of *e substrate 25, 

In this way, the quantity of Ught output from the licht i s ™l~f ° f ?. at topered 51(16 which has a normal 

output surface 23 of the light-^rvff sSaS "J? * 5 d S„T r*"*^ t0 Y provides ta P">v«> 

uniformly distributed throughout the entire «Son « «vf Sl^f Sh f rektive t0 2 ^ for "S 1 " 

viewed in the direction of X axis. FIG. 23 shfws m X? JSTfS? mterior of the substrate »• 

example of light output distribution over £ SKI SJe S thfoS co 'f**? the Semted sur - 
put plane in the present embodiment » ^J? * op ^ C0 «Pl«g element and are then di- 

As may be understood from the above descriotion of StaSLTiVT^ ? UCh ' " " 1)05311,16 t0 obtain highly 

tos of the subdue „ a » ft,, Z«ST ooS a E^£T? ^HS?" 1 of Urn™*. 

individual hght-emitting elements uponVe s^atial3 S?^ detenmned • reasonable range by prop- 
nance distribution ovefthe area bd^g SunS^" 3s S^SST % confi »° of the light-pervious 
be substantially improved wuminatea can 35 substrate and specification of the optical coupling ele- 

By virtue of such functional characteristics the lirfw 6 s " bstrate - Therefore, it is not only possible 

source device of Embodiment jSSSS %Z^J2P?IT ^ ™ fom out P ut 

of making adjustment against output vuLKS^S fiS bUt ,0 pTOV,de com Paratively easily 

the plural light-emitting elements* sepSy wiW 40 iT""? ^ ^ 0ther °P tical ° ut P u < 

spect to individual Ugto-emitting elements? wS aX S rnT < ^ haractens f t,cs 25 <k*wl. This no doubt 

justment has been required Jh c^ventioS SS, ^ develo P ,nent ° f P^i<=«^r specifications better 

source devices. Further, it is no jSSTSSJ?S Vanet ^ of a PP |icatl ons. 

resort to the practice of light diffusion Twith thecoUec? li^h^fif r inven !?. on ' il fe P<«iWe to utilize 

tor lens as countenneasurj against a decrL in 45 %^1ZlS££E^^ 

mince (npple) at gaps between individual light-emitting Funh' wLrlTS , 

elements, it being thus possible to achieve n^ore efficfem m pSTrV « L th^^^ 8 f 16 " 15 ^ empl ° yed 

hght utilkation. ™ pturatity as the light source, the intensity of light 

tnerefrom can be uniformly distributed. 

EMBODIMENT 4 w hat is claimed is: 

FIG. 24 is an enlarged view showing * ~t - 50 1, , A 1 li8ht-source devic « comprising: 

Hght-source device re^gt^^ofl 8 ^ a a " av emit- 

• mvennon to which is mounted a lisdit source. FIO 25 ;! g • des " and . 

an expla^tory view showhTg an oS^ S T^?^ ^ ""T** Ught ^"^ from 

embodiment. P cai paw m tnat the hght-source into one dimension light spread for 

FIG. 26 is a diagrammatic representation showing J^onnly muminating a linear field which is 

directional characteri^o^ ^ TSn ^ 3 arR>y ° f ^ di " 

3, FIG. 26 (ft) showing directional chara;^" « ^l^bS^'If'S 8 * .'T ^ 

output rays relative to Z axis in Embodiment 4 ^7n ^' • ? ° 3 6x51 lateral face ^ 

Embodiment4 is different from Embodiment 3 in that rtST W ^ 3 SeCOnd and a ^ Iatera) fa «. 

one end 21 to which the Ught source SSd^ toeraf ^T^l P rovjd ?, adjacent «> the first 

figured to be reverse-tapered when viewed hamtiL r ^ ! ° f ^ ^ board for introduction of 

Hgte^mount^^^x^JS.S « ^ojbeflatboardsothattheincominglightis 

as Embodiment 3. respects it is same 65 caused to be reflected from the second lateral face 

Operation of the Embodiment 4 device will be de- *t ^ f [°° l , he flat t0 field 

scribed with reference to the drawing ? IOU I ? h ,he ^ lateraJ fa «- the second lateral 

orawmgs. face havmg a reflection area with a serrated sec- 
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tional configuration, the linear array of light emit- 
ting diodes being arranged orthogonally to the 
third lateral face. 

2. A light-source device of claim 1, in which the light 
source comprises a substrate having a recess formed in 
the surface thereof, light-emitting diodes arranged on 
the bottom of the recess, and a conductive reflective 
film formed on the surface of the recess, the light-emit- 
ting diodes being electrically connected to an external 
power source via the conductive reflective film. 

3. A light-source device of claim 2, in which the 
conductive reflective film is divided into two segments, 
the anodes and cathodes of the diodes being connected 
to the external power source via one of the segments 
and the other segment, respectively. 

4. A light-source device of claim 1, in which the 
reflection area is made larger in proportion as the area is 
more distant from the light-source. 

5. A light-source device of claim 4, in which the light 
source comprises a substrate having a recess formed in 20 
the surface thereof, light-emitting diodes arranged on 
the bottom of the recess, and a conductive reflective 
film formed on the surface of the recess, the light-emit- 
ting diodes being electrically connected to an external 
power source via the conductive reflective film. 

6. A light-source device of claim 5, in which the 
conductive reflective film is divided into two segments, 
the anodes and cathodes of the diodes being connected 
to the external power source via one of the segments 
and the other segment, respectively. 

7. A light-source device of claim 1 wherein the light- 
pervious flat board is reverse-tapered from the first 
lateral face to the second and third lateral faces of the 
light-pervious flat board by fourth and fifth lateral faces 
of the light-pervious flat board. 

8. A light-source device of claim 7, in which the light 
source comprises a substrate having a recess formed in 
the surface thereof, light-emitting diodes arranged on 
the bottom of the recess, and a conductive reflective 
film formed on the surface of the recess, the light-emit- 40 
ting diodes being electrically connected to an external 
power source via the conductive reflective film. 

9. A light-source device of claim 8, in which the 
conductive reflective film is divided into two segments, 
the anodes and cathodes of the diodes being connected 45 
to the external power source via one of the segments 
and the other segment, respectively. 

10. A light-source device of claim 4 wherein the 
light-pervious flat board is reverse-tapered from the 
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reflective film formed on the surface of the recess, the 
light-emitting diodes being electrically connected to an 
external power source via the conductive reflective 
film. 

12. A light-source device of claim 11, in which the 
conductive reflective film is divided into two segments 
the anodes and cathodes of the diodes being connected 
to the external power source via one of the segments 
and the other segment, respectively. 

13. A light-source device of claim 1, in which the 
second lateral face comprises a plurality of lateral faces 
which are different from each other in angular orienta- 
tion with respect to the first lateral face. * 

14. A light-source device of claim 1 further compris- 
ing a second light-source, the flat board having a sixth 
lateral face parallel to the first lateral face, the second 
light-source being optically connected to the sixth lat- 
eral face. 

15. A light-source device of claim 14, in which the 
flat board is rectangular in cross section. 

16. A light-source device of claim 1, in which the 
reflection area has a metal reflector film formed 
thereon. 

17. A light-source device comprising: 
a substrate of electrical insulating material having an 

elongated recess formed in a surface thereof 
a conductive reflective film on a surface of the recess, 
said film being separated into a plurality of electri- 
cally separate portions within the recess; 
a linear array of light emitting diodes comprising end 
diodes and intermediate diodes, each of said diodes 
being conductively mounted on one of the separate 
portions of said film on the bottom surface of said 
recess; 

each of said intermediate diodes including a bonding 
wire electrically connecting the respective diode to 
an adjacent separate portion of said film in said 
recess; 

each of said end diodes being connected to an electri- 
cal power source for supplying electrical energy to 
said linear array of light emitting diodes; and 
a light pervious material formed in said recess to 
cover said diodes. 

18. A light-source device as in claim 17 wherein said 
film formed on the surface of the recess when viewed in 
cross section form a parabolic reflecting surface. 

19. A light-source device as in claim 18 wherein the 
plurality of separate portions of said film are formed to 



the light-pervious flat board and by fourth and fifth 
lateral faces of the light-pervious flat board. 

11. A light-source device of claim 10, in which the 
light source comprises a substrate having a recess «i swu recess to rorm a cylindrical 
f °™:i™ * e S K ^ ce ***** Hght-emitting diodes 55 field on^totaKSjSS 
arranged on the bottom of the recess, and a conductive • oojecuon. 



emitting diodes. 

20. A light-source device as in claim 17 wherein said 
light pervious material formed in said recess extends out 
of said recess to form a cylindrical lens to form a linear 
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